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with isolated greater tuberosity fractures accounting for approximately 20% of the total. 2 Although most proximal humerus fractures are minimally displaced and can be successfully treated nonoperatively, 3 surgical reduction and fixation is advised to prevent limitation of motion and disability in cases of displacement. [2] [3] [4] Many surgical approaches have been described for performing open or closed reduction and internal or external fixation, with each having its own advantages and disadvantages.
Arthroscopic treatment for fractures of the greater tuberosity has also been described in the past few years. [5] [6] [7] [8] [9] [10] [11] Although performing shoulder arthroscopy in situations including a fracture is technically demanding, it allows the surgeon to identify and treat other coexisting lesions, such as rotator cuff tears, Bankart lesions, superior labrum anterior and posterior (SLAP) lesions, and long head of the biceps (LHB) pathologies, all of which could have been missed pre-and intraoperatively. The incidence of these pathologies in combination with greater tuberosity fractures has not been established. Some reports describe an incidence of up to 45% for concomitant rotator cuff tears, [12] [13] [14] and there are a few reports of concomitant SLAP lesions, 15, 16 Bankart lesions, or others. 11 The purpose of this study was to identify and evaluate soft tissue pathologies in patients who sustained greater tuberosity fractures and were treated arthroscopically or using arthroscopic assistance. In addition, the authors aimed to examine the correlation between the patterns of the concomitant soft tissue injuries and the extent of greater tuberosity displacement. They hypothesized that arthroscopy would provide better visualization of the joint and help identify concomitant pathologies usually missed by imaging studies, allowing for their treatment during the same procedure. This study was approved by the institutional review board of Tel Aviv Sourasky Medical Center.
Materials and Methods
Between December 2008 and March 2011, all displaced 2-part greater tuberosity fractures were routinely treated arthroscopically in the authors' department. The indications for surgical treatment were displacement of the greater tuberosity of 5 mm or more as demonstrated on plain radiographs or on computed tomography (CT) scans. The first part of the procedure consisted of diagnostic arthroscopy, during which the presence of other pathologies was noted and addressed if indicated. Rotator cuff tears were repaired in cases of significant tears, defined as partial-thickness tears greater than 50% of tendon thickness and full-thickness tears of more than 5 mm. The fracture was fixed after addressing all soft tissue pathologies. This retrospective study received institutional review board approval.
Statistical Analysis
Statistical analyses were performed using SPSS version 19 software (SPSS, Inc, Chicago, Illinois). Pearson's correlation and Fisher exact tests were used to find the correlation between the presence of soft tissue injuries and the amount of greater tuberosity displacement. Statistical significance was set at a P value less than .05.
results
Twenty-four patients underwent arthroscopic (n=10) or arthroscopic-assisted (n=14) fracture reduction and fixation due to displacement of a greater tuberosity fracture. Patients included 13 (54.2%) men and 11 (45.8%) women, with an average age of 42.2 years (range, 18-72 years). Thirteen (54.2%) of the 24 fractures were fully displaced (ie, there was no contact between bone fragments), and the displacement was more than 5 mm in the remaining 11 (45.8%) fractures. Four patients sustained a tuberosity fracture after anterior dislocation of the glenohumeral joint.
Fractures occur as a result of a direct blow from the side (n=17; 70.8%), a fall on an out stretched hand (n=3; 12.5%), abduction and external rotation (n=1; 4.2%), extension (n=1; 4.2%), and forced abduction (n=1; 4.2%); in 1 (4.2%) patient, the pattern of injury was not clear. No corre- lation was observed between the pattern of injury to the amount of displacement of the greater tuberosity or to the concomitant pathologies. In cases of GHJ fracture dislocations, 4 different injury patterns of were reported.
Concomitant pathologies (ie, rotator cuff tears, LHB tear/luxation, SLAP lesion, Bankart lesion) were discovered on arthroscopic examination in 22 (91.6%) shoulders. Of these, lesions for 16 (72%) shoulders were treated arthroscopically (Figure 1) . Rotator cuff tears were the most commonly diagnosed pathology, accounting for 34 (68%) of the 50 pathologies, of which the supraspinatus was the most frequently involved tendon (18/50; 36% of all pathologies) ( Figure  2 ). Thirty-six (72%) of the 50 diagnosed concomitant pathologies were surgically treated ( Figure 2) . The other 14 (28%) did not need to be addressed.
Most of the supraspinatus/infraspinatus tears were full-thickness tears ( Table  1) , and no correlation was found between their presence and the extent of fragment displacement ( Table 2) . Partial rotator cuff tears (16/34) were more common in partially displaced fractures, and they were all located at the articular side. The supraspinatus tears were full thickness in 5 cases, partial thickness in 2 cases, and involved LHB dislocation in between the subscapularis fibers in 2 cases.
Long head of the biceps pathologies consisted of 3 partial tears, 2 tendon dislocations, and 1 complete rupture. Four of those lesions underwent tenodesis, 1 tear was less than 50% of the tendon thickness and required no intervention, and 1 tear was complete and only required debridement of the stump. No correlation was found between the presence/number of concomitant pathologies and the fragment displacement, the GHJ fracture dislocation, or the patient's age (P=.34) ( Table 2) . Bankart lesions were detected in 6 patients; fracture dislocation had been diagnosed on admission in 4 of them. An additional patient was suspected as having a probable fracture dislocation of the GHJ because an acute Bankart lesion had been detected during the diagnostic arthroscopy. Five of these patients underwent arthroscopic repair for their Bankart lesions. The sixth Bankart lesion was not considered acute and was not repaired. Type 2 SLAP lesions were observed in 4 shoulders, of which 3 were repaired. Tenodesis of the LHB was performed on the fourth shoulder due to a concomitant LHB tear.
Several procedure-related complications were observed. In 1 case, the anchor that was inserted through the fracture site penetrated all the way to the cartilage of the opposite side and needed to be removed. In another case, at the 2-week follow-up the anchors were found to be pulled out and a revision procedure was required. One case of propionobacterium infection was diagnosed at 4 weeks postoperatively, and arthroscopic debridement was necessary in addition to 3 weeks of intravenous antibiotic therapy. However, the fracture in the latter case healed anatomically, and the patient returned to active pain-free swimming. n Feature Article consensus had been that 1 cm or more of displacement warrants reduction and fixation. However, more recent studies recommended reduction and fixation for displacements of 5 mm of more. 17 According to other studies, surgical treatment should be considered in displacements of even 3 mm for athletes or individuals engaged in heavy labor who perform overhead activities. 4, 18 Pathologies accompanying greater tuberosity fractures, both displaced and nondisplaced, are not well described in the literature. Some reports describe coexisting soft tissue lesions that might result in persistent late pain, disability, and instability, 4, 19 and these soft tissue lesions were discussed in several reports as being possible indications for surgical treatment. 4, [17] [18] [19] Imaging capabilities are limited in detecting soft tissue involvement, especially in the presence of a displaced fracture. Some recent reports discuss the use of magnetic resonance imaging (MRI) for detecting soft tissue pathologies accompanying greater tuberosity fractures. Gumina et al 14 described 24 patients with missed greater tuberosity fractures, of which 11 (45.8%) had rotator cuff tears as well. All of those tears were partial: 6 involved the supraspinatus tendon, 3 involved the supraspinatus and infraspinatus, and 2 involved the subscapularis. 14 Gallo et al 13 examined the prevalence of rotator cuff tear injuries detected on MRI after fractures of the proximal humerus. They obtained MRIs for 30 patients with a variety of proximal humerus fractures, and 12 (40%) patients had either complete ruptures or avulsions in at least 1 of the rotator cuff tears. The authors noted that the severity of the rotator cuff injury increased with increasing displacement of the greater tuberosity. Only 9 (29%) patients had no rotator cuff pathology. 13 Arthroscopic assessment before performing fixation of greater tuberosity fractures was suggested by Park et al, 4 who considered that arthroscopic evaluation prior to fixation may be beneficial in detecting and addressing those other pathologies.
In the current study, only patients who had sustained displaced greater tuberosity fractures of 5 mm or larger underwent surgery. The decision of whether to treat a concomitant pathology that had been detected during arthroscopy was based on the same criteria as for any arthroscopic procedure: a partial-thickness rotator cuff tear more than 50% of tendon thickness, a LHB tendon tear involving more than 50% of tendon thickness, and an acute SLAP or Bankart lesion. The subsequent effect that this approach had on postoperative rehabilitation or final outcome has not been clearly delineated and was beyond the scope of the current study.
Coexisting soft tissue pathologies were found in the majority (92%) of the current patients and included rotator cuff tears, SLAP lesions, LHB pathologies, and Bankart lesions. The prevalence of rotator cuff tears among the general population varies and correlates with age. 20 Milgrom et al 21 performed ultrasound evaluations in asymptomatic shoulders and reported a prevalence of full-or partial-thickness tears ranging between 5% and 11% in participants aged 40 to 60 years, increasing to 80% in participants older than 70 years. The reported prevalence of rotator cuff tears is higher and may reach 45% in cases of greater tuberosity fracture. 13, 14 The prevalence of rotator cuff tears was much higher among the current patients within a similar age range (22/24, 91.7%).
The high incidence of rotator cuff tears in the current study compared with that found by Gumina et al 14 and by Gallo et al 13 may be explained by different diagnostic modalities (i.e., arthroscopy vs MRI). One should bear in mind the difficulty in the interpretation of concomitant soft tissue pathologies of an MRI study in the presence of an acute fracture, which may lead to lower sensitivity. The distribution of the rotator cuff tears (only 53% of them involving the supraspinatus) also differs from that reported in degenerative tears, where 95% to 100% of them are supraspinatus tears. 22 Contrary to the current findings, most rotator cuff tears reported by Gumina et al 14 following nondisplaced fractures and those diagnosed with ultrasound by Bahrs et al 12 were partial tears. The current authors found that approximately 50% of the tears were full-thickness tears. These differences can be explained by the different fractures types among the studies. Specifically, subcapital fractures, which are extra-articular, have less influence on the integrity of the rotator cuff tears compared with greater tuberosity (intraarticular) fractures. Furthermore, unlike the current results, Bahrs et al 12 found a significant association (P=.047) between fracture severity and complete rotator cuff tears. These differences may be explained by the diagnostic accuracy of arthroscopy compared with sonography and the different fracture types between studies.
Although anterior labral repair is recommended in young patients with recurrent shoulder dislocation, the need for a Bankart repair in addition to greater tuberosity fracture fixation is not altogether clear. 23 One may question whether these lesions need to be treated because fixation of the fracture usually prevents further dislocations. However, some authors report persistent shoulder instability even after fracture fixation. 23 In that report, Rowe 23 found Bankart lesions in 6 shoulders, of which 4 were diagnosed as having a fracture dislocation.
The current study had several limitations. The relatively small number of shoulders precludes the authors from arriving at any firm conclusions. No control group was included, thus it cannot be determined whether this treatment option is superior to other treatment modalities. No functional outcomes were evaluated following the surgical treatment of these concomitant pathologies. Future randomized comparative studies with a larger cohort are needed to validate the current results.
conclusion
Based on the findings of the current study, the authors believe that it is important to identify and repair pathologies coexisting with fractures of the shoulder, either arthroscopically or via open surgery. In cases of a displaced greater tuberosity fracture, which requires reduction and fixation, arthroscopic evaluation and the simultaneous repair of other pathologies should be undertaken as well due to the high prevalence of concomitant pathologies that are usually otherwise missed by imaging studies and nonarthroscopic approaches.
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